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In 94 consecutive patients undergoing surgical repair of
congenital heart defects the results of intraoperative (after
cardiopulmonary bypass) epicardial two-dimensional and
Doppler color flow imaging were compared with those of
sequential transthoracic echocardiography performed
within 24 h of surgery and again before hospital discharge
to define the precise role of intraoperative imaging. In 6 of
7 patients with a residual defect requiring immediate
surgical revision, intraoperative imaging correctly identi-
fied the defect; spectral Doppler imaging underestimated or
did not identify a residual outflow tract gradient in 17
patients. Left atrioventricular (AV) valve regurgitation
after repair of complete AV septal defect was underesti-
mated in three patients. Although intraoperative documen-
tation of good ventricular function was usually associated
with a good outcome, in three patients poor systemic
In recent years intraoperative two-dimensional echocardiog-
raphy and Doppler color flow imaging have come to be
accepted as valuable techniques for the immediate evalua-
tion of the quality of repair after surgery for acquired and
congenital heart disease (1-5). However, the acquisition and
interpretation of intraoperative epicardial images and color
flow maps in infants and young children is complicated for
several reasons. First. the imaging planes, particularly in the
small infant. are limited by the large dimensions of the
standard echocardiographic transducer relative to the size of
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ventricular function after cardiopulmonary bypass was not
associated with early mortality.
A minor degree of shunting around the patch was a
common finding on epicardial and early postoperative
imaging and persisted at the time of hospital discharge in 17
of 46 patients who had undergone patch closure of a
ventricular septal defect as part of the surgical procedure.
Additional trabecular septal defects were missed on color
flow imaging after cardiopulmonary bypass in three pa-
tients, one of whom required subsequent reoperation. Al-
though intraoperative two-dimensional and color flow im-
aging permitted the recognition of the majority of residual
defects requiring immediate revision, residual outflow ob-
struction or AV valve regurgitation was usually underesti·
mated.
(J Am Coli CardioI1990;16:913-20)
the sternotomy. Second, the hemodynamic information that
can be derived needs to be interpreted with caution because
assessments of the presence or absence of significant resid-
ual intracardiac shunts or of the degree of residual outflow
tract obstruction or valve regurgitation are made in the face
of rapid changes in loading conditions and ventricular func-
tion. Real-time analysis of cross-sectional images and color
flow maps can also be difficult. particularly with rapid heart
rates. and careful off-line analysis of the images is often
required for accurate interpretation.
This study was performed to determine 1) the accuracy of
the epicardial echocardiogram after cardiopulmonary bypass
in confirming an optimal surgical result or in identifying
residual defects requiring immediate revision of the proce-
dure. and 2) the potential limitations of the technique. For
this purpose we compared in a series of patients undergoing
surgery for congenital heart defects the intraoperative echo-
cardiographic findings with those of subsequent transtho-
racic studies in the intensive care unit and before discharge
from the hospital.
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Table 1. Primary Lesion in 94 Patients Undergoing Surgery
Methods
Study patients. From May 1989 to November 1989, 94
consecutive patients were studied who underwent intracar-
diac repair for various congenital heart defects by way of a
median sternotomy at the Thoraxcenter. Their ages ranged
from 3 days to 68 years (mean 7.1 years); 33 patients were
<1 year old. The primary diagnoses are given in Table 1.
Nine patients had undergone previous palliative or correc-
tive surgery. In addition to the 19 patients with an isolated
ventricular septal defect, 27 more patients had ventricular
septal defect closure as part of the surgical procedure. All
patients had had a full range of appropriate preoperative
investigations.
Intraoperative epicardial echocardiography. As is our
routine practice, an intraoperative study using two-
dimensional and color flow imaging and spectral Doppler
ultrasound was performed in every patient both before
instituting cardiopulmonary bypass and at completion of the
procedure after bypass (6). Contrast echocardiographic stud-
ies were added where appropriate. Standard 5 MHz and
3.75 MHz transducers were used for two-dimensional color
flow imaging and pulsed Doppler studies. Where required, a
dedicated continuous wave Doppler probe was also used.
The probes and wires were packed in sterile plastic sheaths
and passed into the surgical field where they remained for
the duration of the procedure. A small quantity (5 to 10 ml)
of sterile ultrasound gel was applied to the transducer head
before packing to improve the image quality. Care was taken
to ensure that there were no air bubbles between the
Primary Diagnosis
Ventricular septal defect










Pulmonary atresia/ventricular septal defect
Double outlet right ventricle
Ebstein's anomaly
Aortic stenosis/coarctation
Ventricular septal defect/pulmonary stenosis
Double inlet left ventricle
Congenitally corrected transposition
Truncus arteriosus
Hypoplastic left heart syndrome
Mitral atresia
























transducer head and the sterile sheath. The transducers were
connected to a Toshiba SSH 160A or SSH 65A ultrasound
system. Sterile saline solution was poured into the pericar-
dial sac to improve probe contact, and reduce mechanical
irritability of the heart.
The intraoperative echocardiogram was performed either
by a surgeon familiar with ultrasound examination or by a
pediatric cardiologist after the hemodynamic variables (ar-
terial blood pressure, atrial filling pressures) had returned to
near-normal values. A variety of echocardiographic planes
could be obtained from the epicardium. In addition to
standard long-axis and short-axis views of the ventricles and
great vessels, modified four chamber views, a right ventric-
ular inflow view, right atrial long-axis view (particularly
useful for evaluating caval and atrial flow patterns) and a
high left atrial view (for assessing left atrioventricular [AVj
valve regurgitation) were sought by appropriate transducer
placement on the epicardium. All echocardiographic studies
were recorded continuously on videotape and both on-line
and off-line analyses of the images were performed. The time
taken for each study varied between 5 and 10 min. There
were no complications resulting from the epicardial ultra-
sound examination.
Al/ patients but one were in sinus rhythm at the time of
the epicardial echocardiographic study. In every case the
hemodynamic information obtained from intracardiac pres-
sure measurements, where indicated, and the postbypass
echocardiographic appearances were used to provide an
immediate assessment of the surgical repair before the chest
was closed. Particular attention was paid to the assessment
of 1) residual shunts at atrial or ventricular level using color
flow mapping and contrast echocardiography, 2) outflow
tract/arterial valve or anastomotic site gradients (after arte-
rial switch procedures or homograft conduit insertions) with
pulsed and continuous wave Doppler ultrasound, 3) AV
valve regurgitation, and 4) systemic ventricular function.
Atrioventricular valve regurgitation was graded as mild,
moderate or severe depending on extension of the regur-
gitant jet into the receiving chamber on color flow imaging
using the method previously described (7,8).
Postoperative transthoracic echocardiography. All pa-
tients were subsequently restudied by standard transthoracic
echocardiography while in the intensive care unit (usually
within 24 h of the procedure) and again before discharge
from the hospital (within 10 to 14 days of surgery in most
areas) utilizing all available scan planes to obtain the maxi-
mal morphologic and hemodynamic information. Imaging
and Doppler studies were performed with a combination of
appropriate transducers (5, 3.7 or 2.5 MHz depending on the
age and weight of the patient) and connected to a Toshiba
SSH 65A or SSH l60A or Vingmed 700CFM ultrasound
system.
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Results
Surgical procedure. Complete sequential echocardio-
graphic studies after cardiopulmonary bypass, 24 h after
surgery and before hospital discharge were possible in 90 of
the 94 patients. There were two intraoperative deaths (one
after a stage I Norwood procedure for hypoplastic left heart
syndrome and another in a patient with Cantrell syndrome (a
combination of dysmorphic features, diaphragmatic hernia
and cardiac defects) who had suprasystemic right ventricular
pressure after closure of a ventricular septal defect. There
were two early deaths within 10 days of surgery in a neonate
after a stage I Norwood procedure for hypoplastic left heart
syndrome and in a 30 year old patient with congenitally
corrected transposition of the great arteries after ventricular
septal defect closure and insertion of a homograft conduit
from the morphologic left ventricle to the pulmonary artery.
In both these patients a satisfactory surgical result was
documented by intraoperative epicardial echocardiography
after cardiopulmonary bypass and subsequent transthoracic
echocardiography within 24 h of the procedure in the inten-
sive care unit. Afifth patient who had a satisfactory repair as
assessed by echocardiography before hospital discharge died
unexpectedly at home 3 months after a Fontan procedure.
Intraoperative epicardial echocardiography after cardio-
pulmonary bypass. The findings at intraoperative echocar-
diography combined with the other clinical findings led to
immediate surgical revision during a second period of car-
diopulmonary bypass in six patients (Fig. I) (Table 2). In 16
additional patients, minor abnormalities were noted in the
study immediately after bypass. These included mild left to
right shunting around the patch at ventricular level in eight
patients after patch closure of a ventricular septal defect;
additional muscular ventricular septal defects (two patients);
mild left AV valve regurgitation after repair of complete AV
septal defect (two patients); remnants of a subaortic mem-
brane (two patients) and residual right ventricle to pulmo-
nary artery gradients of mild degree (calculated instanta-
neous gradients of 30 and 36 mm Hg, respectively), in two
patients after repair of tetralogy of Fallot. None of these
lesions was of sufficient severity to warrant reoperation.
Early postoperative echocardiography. The majority of
studies in the intensive care unit were performed within 24 h
of surgery. Thirty-eight patients were mechanically venti-
lated at the time of study. The systolic aortic blood pressure
was greater than that at intraoperative echocardiography by
a mean of24 mm Hg (range -15 to +40). Despite mechanical
ventilation and the presence of drainage tubes, satisfactory
echocardiographic examination was possible in all but 5of92
patients.
In one patient who underwent a total cavopulmonary
anastomosis for tricuspid atresia, systemic arterial desatura-
tion was evident in the early postoperative period. A repeat
transthoracic echocardiogram with saline contrast injection
Table 2. Residual Postoperative Lesions in Seven Patients




Direct atriopulmonary Compression of left Patch enlargement of
anastomosis for pulmonary artery left pulmonary
tricuspid atresia by aorta artery
Patch closure of sinus Superior vena cava Patch enlargement
venosus atrial obstruction superior vena cava
septal defect
Rastelli procedure for Severe tricuspid Direct atriopulmonary
double outlet right regurgitation anastomosis and
ventricle (Taussig- closure of tricuspid
Bing) valve
Anatomic correction Compression of right Lecompte maneuver
of transposition of coronary artery by (anterior
the great arteries main pulmonary translocation of the
with side by side artery pulmonary artery)
relation of great
vessels
Tricuspid valve repair Severe tricuspid Tricuspid valve
for Ebstein' s regurgitation replacement
anomaly
Repair of tetralogy of Severe residual Resection infundibular
Fallot infundibular muscle
stenosis
Total cavopulmonary Residual shunt at Reoperation
anastomosis for atrial level
double inlet left
ventricle*
*Reoperation 24 h later.
into the central venous line confirmed the presence of a
residual shunt at the atrial level and the patient was success-
fully reoperated on 24 h later. New information was gained
in an additional 22 patients as follows: 1) A residual inter-
ventricular shunt after repair of either an isolated ventricular
septal defect or a defect coexisting with another lesion was
detected in 11 patients. In 9 of these 11 patients the shunt
was in close relation to the ventricular septal patch and in the
majority of cases the turbulence within the right ventricle
was detected only in early systole. In two cases, however,
multiple trabecular septal defects were detected (Fig. 2).
2) Aresidual outflow tract gradient was seen in eight patients
(within the right ventricular outflow tract after repair of
tetralogy of Fallot, three patients; right ventricle to pulmo-
nary artery homograft, one patient; left ventricular outflow
tract after resection of discrete obstruction, two patients; left
ventricular outflow tract after Ross procedure [aortic root
replacement with a pulmonary autograft and reimplantation
of the coronary arteries], one patient; and at aortic valve
level, one patient). The peak instantaneous gradient in
systole, calculated from the peak systolic velocities of flow
ranged between 36 and 64 mm Hg (mean 44). 3) Atrioven-
tricular valve regurgitation of moderate degree after repair of
complete AV septal defect was found in three patients.
Figure 1. Intraoperative color flow image after cardiopulmonary
bypass in a patient who underwent a Rastelli procedure for double
outlet right ventricle. Severe tricuspid regurgitation is noted with the
regurgitant jet filling more than 50% of the right atrium (ra). On the
basis of this finding, the tricuspid valve was closed and an atriopul-
monary anastomosis performed. The arrows denote the position of
the interatrial septum. la == left atrium; rv == right ventricle.
Figure 2. Color flow image of multiple trabecular ventricular septal
defects 24 h after an arterial switch procedure for simple transposi-
tion of the great arteries. The right ventricular exit points of three
separate defects (numbered I to 3) can be identified. These defects
had been missed on both preoperative and intraoperative epicardial
echocardiograms made after cardiopulmonary bypass. LA == left
atrium; LV == left ventricle.
Figure 3. Postoperative color flow imaging studies after patch repair
of a large ventricular septal defect. A, The right ventricular (rv) exit
points of multiple trabecular defects (in red) can be identified. B,
Parasternal four chamber view demonstrating an unrestrictive (non-
turbulent) left to right shunt at the site of the original ventricular
septal defect patch. At repeat catheterization the patient had near-
systemic right ventricular pressures. Abbreviations as in Figures I
and 2.
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Later postoperative echocardiography. All 90 surviving
patients underwent a further transthoracic echocardio-
graphic assessment before discharge from the hospital. In six
patients a residual interventricular shunt was detected for
the first time during this examination. None had had a
documented shunt in either of the two previous echocardio-
graphic examinations. In one case multiple trabecular de-
fects were associated with a significant (unrestrictive) shunt
around the patch on color flow imaging and pulsed Doppler
echocardiography and the patient required late reoperation
3 months later (Fig. 3). In nine patients a systolic outflow
tract gradient was also documented for the first time, ranging
between 20 and 70 mm Hg (mean 35). The site of residual
obstruction was in relation to a right ventricle to pulmonary
artery homograft (three patients), at the pulmonary artery
anastomotic site after an arterial switch procedure (three
patients), at the pulmonary valve level (one patient) and
within the left ventricular outflow tract after enucleation of a
discrete obstruction (two patients).
Comparison of Echocardiographic Findings at
Different Periods
Interventricular shunts. Of 10 patients with a residual
interventricular shunt documented by intraoperative Dopp-
ler color flow mapping after bypass, the shunt was also
detectable at the discharge examination in six patients (four
with shunts around the patch, two with trabecular defects).
Of 11 patients with a shunt detected within 24 h after
surgery, there was evidence of residual shunting at hospital
discharge in 9 (7 with shunts around the patch, 2 with
multiple trabecular defects).
Outflow tract gradients. Of two patients with a moderate
systolic gradient in the right ventricular outflow tract on
intraoperative Doppler echocardiography after bypass, the
gradient remained unchanged in one patient and no gradient
could be detected in the other at the time of hospital
discharge. In one patient with a dynamic pattern of left
ventricular outflow tract obstruction detected within 24 h
after resection of a discrete subaortic obstruction, no gradi-
ent could be detected at subsequent evaluation. In the other
seven patients the calculated residual gradient by pulsed and
continuous wave Doppler ultrasound 24 h after surgery
remained virtually unchanged at hospital discharge.
Atrioventricular valve regurgitation. In three patients
with mild (n = 2) or no (n = 1) left AV valve regurgitation
after repair of a complete AV septal defect, as defined by the
intraoperative color flow mapping, both subsequent echocar-
diographic assessments revealed a moderate degree of regur-
gitation. No patient developed significant valve regurgitation
that was not detected at either of the two previous echocar-
diographic examinations.
A trivial degree of mitral valve regurgitation was a
common finding in the intensive care unit and could be
detected in 14% of patients who had a surgical procedure not
involving the mitral (or the left AV) valve. These regurgitant
jets were not documented at hospital discharge.
Ventricular function. One of the important aims of the
intraoperative echocardiographic examination after bypass
was to document satisfactory left and right ventricular
function or to detect global or regional ventricular dysfunc-
tion, so that appropriate pharmacologic measures could be
undertaken to improve ventricular function in the immediate
postoperative period. Two patients died in the operating
theatre with associated ventricular dysfunction: one after a
stage 1 Norwood procedure and the other with suprasys-
temic right ventricular pressure (due to pulmonary vascular
disease) after closure of a ventricular septal defect. Apart
from these cases, three other infants were judged to have
suboptimal systemic ventricular function with moderate
septal and posterior wall hypokinesia after anatomic correc-
tion of transposition in two cases and patch closure of a
ventricular septal defect in the third case (Fig. 4). In five
other infants there was a delayed time to peak contraction of
the septum compared with the posterior wall on M-mode
echocardiography. In all three patients with impaired sys-
temic ventricular function, however, ventricular function
had normalized at echocardiographic examination before
hospital discharge, as had the abnormal pattern of septal
motion. All patients had an uneventful postoperative course.
Discussion
Intraoperative echocardiography. Intraoperative epicar-
dial cross-sectional and Doppler echocardiography is a rel-
atively recent development for the assessment of congenital
heart defects and few centers use it on a regular basis. In
theory the technique, particularly with the addition of color
flow imaging, offers the possibility of immediate assessment
of the surgical repair enabling further surgical revision to be
performed where necessary during a second period of car-
diopulmonary bypass. Before widespread acceptance, it is
important to document both the unique advantages and the
limitations of the technique. Potentially, the technique has a
high cost, in terms of both machine time and manpower. For
all epicardial echocardiographic studies described here, an
ultrasound machine was placed in the operating room for the
duration of the surgical procedure. The majority of ultra-
sound studies were performed by a surgeon who was familiar
with the technique. At the time of this study intraoperative
ultrasound had been in regular use in the department for>3
years, representing a substantial learning period. A second
trainee pediatric cardiologist was present during each ultra-
sound study both to operate the controls on the ultrasound
system and to help in on-line interpretation of the images
obtained.
The advantages in terms of improved image quality with
a transducer placed directly on the epicardium are obvious.
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Figure 4. Intraoperative epicardial M-mode echocardiographic as-
sessment of left ventricular function before (A) and after (B)
cardiopulmonary bypass in a neonate who underwent anatomic
correction of transposition of the great arteries. There was poor
septal (S) movement and a moderate degree of posterior wall (PW)
dyskinesia in the period after bypass. Ventricular function had
normalized before hospital discharge.
However, what has not been addressed on a large scale to
date is the extent to which epicardial echocardiographic
findings, particularly the interpretation of hemodynamic
events as assessed with spectral Doppler or color flow
imaging, are reproducible at subsequent evaluation either in
the early postoperative period or at the time of discharge
from the hospital. It is also not clear what proportion of
residual defects that may adversely affect the clinical course
of the patient in the long term are missed in the postbypass
examination. Four broadly defined variables were used to
compare intraoperative echocardiography and color flow
imaging with subsequent transthoracic echocardiography:
1) identification and assessment of residual shunts, 2) resid-
ual gradients, 3) valvular regurgitation, and 4) ventricular
function.
Residual shunts. A minor degree of residual shunting at
the site of a ventricular septal defect patch in the early
postoperative period is a well documented phenomenon
(9,10). The exact time when these shunts cease to occur has
not been well studied, although in the study of Stevenson et
aI. (9) utilizing pulsed Doppler echocardiography the major-
ity of shunts could not be detected within 14 days of surgery.
In our series, four of eight patients with an interventricular
shunt around the patch detected in the intraoperative period
and seven of nine with a shunt around the patch detected in
the intensive care unit had a residual shunt at discharge from
the hospital. A proportion of these shunts may represent a
true residual ventricular septal defect rather than a transient
shunt around the patch, although longer-term follow-up
would be required to resolve this question. Additional tra-
becular defects that were detected in four patients (multiple
defects in two cases) aged 4 weeks (two patients), 6 months
and II years, respectively, at either the postbypass or
intensive care examination also persisted at discharge. The
limitation of preoperative color flow imaging to recognize a
smaller muscular defect in the presence of a large unrestric-
tive defect is well known (II ,12) and the majority of isolated
trabecular defects detected in early infancy become smaller
and may close before I year (12).
More surprising was the finding of a residual interventric-
ular shunt by color flow imaging for the first time 10 to 14
days after closure of a ventricular septal defect in six
patients. In one 21 year old patient. in addition to multiple
trabecular defects. a low velocity (unrestrictive) shunt at the
upper and lower ends of the patch could be detected. At
cardiac catheterization 3 months later the patient had near-
systemic pressures in the right ventricle and required reop-
eration. For the other patients with a shunt detected at
hospital discharge it is not possible to speculate on the
relevance of this finding without long-term follow-up.
Residual gradients. The relative insensitivity of intraop-
erative pulsed and continuous wave Doppler echocardiog-
raphy in the assessment of residual stenoses at the outflow
tract, valvular or supravalvular level was well established by
this study. Ameasurable outflow tract gradient with the peak
systolic velocity of flow exceeding 2.2 m/s was detected in
only two patients in the intraoperative examination after
bypass (confirmed in each case with invasive pressure mea-
surements). Reexamination both at 24 h after the procedure
and before hospital discharge considerably increased the
yield of patients with a detectable outflow gradient. This
finding was not completely unexpected because peak flow
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velocities measured after cardiopulmonary bypass do not
represent a steady state and will vary depending on the
loading conditions of the ventricle and ventricular function.
A mild residual gradient present postoperatively does not
necessarily have adverse long-term effects if it is nonpro-
gressive. However, in five patients a calculated instanta-
neous systolic gradient between 50 and 70 mm Hg at either
the early or the late postoperative examination was missed at
intraoperative evaluation (at the infundibular level after
repair of tetralogy of Fallot in three cases and in relation to
a right ventricle to pulmonary artery homograft in two
cases). However, the immediate postoperative echocardio-
graphic findings and those at subsequent examination were
in close agreement. When a residual obstruction was de-
tected in the early postoperative examination, the measured
peak velocity of flow was virtually unchanged during the
subsequent evaluation.
Residual AVvalve regurgitation. Aminor degree of mitral
valve regurgitation was a common finding in the early
postoperative period and could not be detected at discharge
from hospital. Of greater significance, however, was the
assessment of residual left AV valve regurgitation after
repair of a complete AV septal defect. It is well documented
that progressively severe regurgitation of this valve is an
important cause of late morbidity and mortality after surgical
repair (13,14). Previous studies (5) utilizing intraoperative
echocardiography with color flow imaging have suggested
that it is possible to grade the degree of regurgitation after
cardiopulmonary bypass from the extension or area of the
regurgitant jet in the color flow map. This grading was
reproducible at subsequent transthoracic echocardiographic
assessment several months after the procedure (5). How-
ever, in three of our patients regurgitation was graded as
mild in the postbypass study but was considered of moderate
degree by the same echocardiographic criteria at both the
subsequent transthoracic echocardiographic assessments.
This is probably because the extension of the regurgitant jet
into the left atrium depends not only on the regurgitant
volume, but also on other factors. These include afterload (it
was significant that the postoperative blood pressure was
invariably higher than that immediately after cardiopulmo-
nary bypass), heart rate (and therefore the duration of
systole) and effective valve orifice (15,16). All three patients
are doing well and during the period of this study none
required reoperation for persistent AV valve regurgitation.
Ventricular function. The entire left ventricle usually
cannot be directly visualized in the period after cardiopul-
monary bypass, and assessments of global ventricular func-
tion have hitherto been derived indirectly from hemody-
namic variables. Intraoperative assessment of ventricular
function by cross-sectional and M-mode epicardial echocar-
diography enables the assessment of both global and regional
ventricular function and provides valuable information for
the immediate postoperative management. However, it does
not always predict the subsequent clinical course. This was
illustrated by the recovery of ventricular systolic function to
normal within 24 h in three patients who were thought to
have impaired systemic ventricular function on postbypass
studies. On the other hand, one patient died of ventricular
failure within 24 h after a stage 1 Norwood procedure; his
study after bypass had shown good ventricular function
without significant AV valve regurgitation.
Conclusions. In the setting of congenital heart disease
intraoperative echocardiography in the period after cardio-
pulmonary bypass allows the detection of the majority of
residual defects that require immediate surgical revision and
is therefore an important tool for the surgeon. However, on
the basis of the experience described here, it is difficult to
identify high yield situations for epicardial ultrasound; a
range of persistent morphologic abnormalities requiring fur-
ther surgical revision were identified. Selective use of the
technique cannot therefore be recommended and the maxi-
mal benefit can be obtained only with routine use. In the
pediatric age group intraoperative echocardiography cannot
satisfactorily assess residual gradients or valvular regurgita-
tion and the need for reoperation for these causes at a later
stage cannot be correctly predicted solely on the basis of the
echocardiogram or Doppler study after bypass. Although
good ventricular function in the immediate postoperative
period is important in predicting a good outcome, impaired
ventricular function in the operating room does not neces-
sarily indicate a poor prognosis and the echocardiographic
findings must be interpreted in conjunction with the hemo-
dynamic variables. Multiple ventricular septal defects can
often be missed; the majority of these were seen in infants
and involved the trabecular septum. Aprevious study (17) of
the natural history of ventricular septal defects has shown no
significant difference between the closure rates of muscular
versus perimembranous defects and long-term follow-up of
these patients is necessary.
Most of the limitations of intraoperative echocardiog-
raphy after cardiopulmonary bypass may be explained by
the physiologic conditions under which such assessments
are made. It is always easier to assess residual morphologic
defects because of the superb image quality that may be
obtained from the epicardium; hemodynamic information
derived from spectral Doppler or color flow mapping needs
to be interpreted with greater caution. Follow-up echocar-
diographic studies performed in a steady state may provide
more accurate assessment of these variables.
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